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An increased prevalence of candidal carriage and oral candidiasis is common in cases of human immuno-
deficiency virus (HIV) infection, and the reasons for this may include the enhanced ability of colonizing yeasts
to produce biofilms on mucosal surfaces. The aim of the present study was therefore to examine the differences,
if any, in the biofilm-forming abilities of 26 Candida albicans yeast isolates from HIV-infected individuals and
20 isolates from HIV-free individuals, as this attribute of yeast isolates from patients with HIV disease has not
been examined before. Biofilm formation in microtiter plate wells was quantitatively determined by both the
2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]-2H-tetrazolium hydroxide (XTT) reduc-
tion method and the crystal violet method. Although candidal biofilm formation could be quantitatively
evaluated by either technique, the better reproducibility (P < 0.05) of the XTT reduction assay compared with
that of the crystal violet method led us to conclude that the former is more reliable. There were no significant
quantitative differences in biofilm formation between C. albicans isolates from HIV-infected patients and
isolates from HIV-free individuals during in vitro incubation in a multiwell culture system over a period of 66 h.
Three of eight host factors in the HIV-infected group were found to be associated with candidal biofilm
formation. Thus, yeasts isolated from older individuals and those with higher CD4-cell counts exhibited
decreased biofilm formation, while the findings for yeasts from individuals receiving zidovudine showed the
reverse (P < 0.05 for all comparison). Our data indicate that attributes other than biofilm formation may
contribute to the increased oral yeast carriage rates in cases of HIV infection.

Candida biofilms have recently received considerable atten-
tion due to their high prevalence on catheter surfaces (1) and
their notorious resistance to antifungals (14, 29). These char-
acteristics of Candida biofilms are likely to contribute to both
superficial (26) and systematic candidiasis (21). As candidal
infections are the most common fungal infections in individu-
als infected with the human immunodeficiency virus (HIV)
(27), we hypothesized that isolates recovered from HIV-in-
fected individuals may have better biofilm-forming abilities
than those recovered from HIV-free individuals.

A number of workers have compared the adherence of Can-
dida albicans yeast isolates from HIV-infected patients and
HIV-free subjects to mucosal surfaces, as adherence to host
surfaces is a prerequisite for subsequent biofilm formation and
colonization (12). However, those studies have yielded variable
results showing enhanced adherence to buccal epithelial cells
(BECs) by yeast isolates from HIV-positive individuals (32), a
comparable degree of adhesion between test and control iso-
lates (34), and an even higher degree of adhesion by control
isolates (23). To our knowledge, no group has studied the
biofilm-forming abilities of Candida isolates recovered from
HIV-infected individuals. Furthermore, while factors such as
CD4 count and the intake of medications, which are likely to

affect candidal adhesion in individuals with HIV infection,
have also been investigated in many studies (5, 13, 34), the
association of these host factors with candidal biofilm forma-
tion in individuals with HIV disease has not been explored.

The availability of a rapid, inexpensive, and reproducible
methodology for quantification of biofilm formation is essen-
tial for the evaluation of biofilm generation. A variety of direct
and indirect quantitative methods have been developed for this
purpose. Direct methods mainly consist of gross microscopy
techniques, which permit the direct visualization of the bio-
films, while indirect methods estimate the numbers of adherent
microbes in situ (6, 9) or require the detachment of the mi-
crobes from the substratum and their quantification (25). In-
direct methods with 96-well microtiter plates, which permit the
simultaneous quantification of the yeasts in large numbers of
biofilms, have been recommended by many workers due to
their simplicity and the sensitivity. A reduction assay with the
tetrazolium salt 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino) carbonyl]-2H-tetrazolium hydroxide (XTT) is
one such technique that has been proven to be very popular (8,
17, 33). It is a colorimetric method that uses XTT, which is
reduced to the XTT formazan product by the mitochondrial
dehydrogenases of metabolically active yeast cells. The color-
imetric change so produced is proportional to the number of
living cells and can be quantified (8, 17, 33). In the crystal violet
assay, the biofilms are stained with crystal violet, followed by
decolorization (15). The absorbance of the decolorization so-
lution, which reflects the numbers of viable cells, can then be
measured colorimetrically with a microtiter plate reader (6).
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Although previous workers have used these techniques for
biofilm assays, their reliabilities have not been compared.
Hence, we also compared the biofilm formation of 46 C. albi-
cans isolates using these two methods. However, the primary
aim of the study was to compare quantitatively the biofilm-
forming abilities of C. albicans isolates from HIV-infected and
HIV-free subjects. Furthermore, host factors such as CD4-cell
count and intake of zidovudine were evaluated for their effects,
if any, on candidal biofilm production.

MATERIALS AND METHODS

Organisms. The C. albicans isolates used in this study included 20 oral isolates
from HIV-free individuals and 26 oral isolates from HIV-infected patients. The
isolation and identification of Candida from HIV-infected and healthy individ-
uals were performed as described previously (28). All 46 isolates were subcul-
tured from thawed suspensions of pure isolates stored at the Oral Bioscience
Laboratory at the Prince Philip Dental Hospital, University of Hong Kong. The
identities of all isolates were reconfirmed by the standard germ tube test and the
commercially available API 20C-AUX method (Bio-Merieux, Marcy l’Etoile,
France).

Growth conditions. All C. albicans isolates were cultured at 37°C for 18 h in
Sabouraud’s dextrose agar. A loopful of the yeasts was then inoculated in yeast
nitrogen base medium supplemented with 100 mM glucose. After overnight
culture of the broth, the yeasts were harvested in the late exponential growth
phase, washed twice with 5 ml of phosphate-buffered saline (PBS; pH 7.2; Ca2�-
and Mg2�-free), and suspended to 107 cells/ml by adjusting the optical density of
the suspension to 0.38 at 520 nm. This cell concentration was selected because
previous workers have demonstrated that optimal biofilm formation occurs at
this particular density (16). The standardized cell suspension was used immediately.

Biofilm formation. Biofilms were produced on commercially available pre-
sterilized, polystyrene, flat-bottom 96-well microtiter plates (Iwaki, Tokyo, Ja-
pan). At first, 100 �l of a standardized cell suspension (107cells/ml) was trans-
ferred into each well of a microtiter plate with a pipette, and the plate was
incubated for 1.5 h at 37°C in a shaker at 75 rpm to allow the yeast to adhere to
the surfaces of the wells (16). As controls, three wells of each microtiter plate
were handled in an identical fashion, except that no Candida suspensions were
added.

Following the adhesion phase, the cell suspensions were aspirated and each
well was washed twice with 150 �l of PBS to remove loosely adherent cells. A
total of 100 �l of yeast nitrogen base medium was then transferred into each of
the washed wells with a pipette, and the plates were incubated at 37°C in a shaker
at 75 rpm. The biofilms were allowed to develop for up to 66 h, and then the
yeasts were quantified by both the XTT reduction assay and the crystal violet
assay (see below). The medium was replenished daily by aspiration of the spent
medium and the addition of fresh medium. All assays were carried out on three
different occasions in triplicate.

XTT reduction assay. The XTT reduction assay used was a modification of the
methods described previously (17, 25). Briefly, XTT (Sigma, St. Louis, Mo.)
solution (1 mg/ml in PBS) was prepared, filter sterilized through a 0.22-�m-pore-
size filter, and stored at �70°C. Menadione (Sigma) solution (0.4 mM) was
prepared and filter sterilized immediately before each assay. Prior to each assay,
XTT solution was thawed and mixed with the menadione solution at a ratio of 5
to 1 by volume.

The biofilms were first washed five times with 200 �l of PBS, and then 200 �l
of PBS and 12 �l of the XTT-menadione solution were added to each of the
prewashed wells and the control wells. The microtiter plate was then incubated
in the dark for 2 h at 37°C. Following incubation, 100 �l of solution was
transferred to new wells and the color change in the solution was measured with
a microtiter plate reader (SpectraMAX 340 Tunable Microplate Reader; Mo-
lecular Devices Ltd., Sunnyvale, Calif.) at 490 nm. The absorbance values for all
new wells were preread at 490 nm, since their levels of absorbance may display
deviations. The absorbance values for the controls were then subtracted from the
values for the test wells to eliminate spurious results due to background inter-
ference.

A total of 18 Candida isolates (9 isolates each from the HIV-infected and the
HIV-free groups) were randomly selected from the pool of 46 isolates to evaluate
the XTT activities of the cells in the planktonic phase. For this purpose, 12 �l of
the XTT-menadione solution was added to 200 �l of the freshly grown (see
above) cell suspensions, and the cell suspensions were incubated in the dark for

2 h. The cell suspensions were centrifuged (6,000 � g for 10 min), and the optical
density of the supernatants were measured as described above.

Crystal violet staining. Biofilm formation was also quantified by a modification
of a crystal violet assay recently described by others (6). Briefly, the biofilm-
coated wells of microtiter plates were washed twice with 200 �l of PBS and then
air dried for 45 min. Then, each of the washed wells was stained with 110 �l of
0.4% aqueous crystal violet solution for 45 min. Afterwards, each well was
washed four times with 350 �l of sterile distilled water and immediately
destained with 200 �l of 95% ethanol. After 45 min of destaining, 100 �l of
destaining solution was transferred to a new well and the amount of the crystal
violet stain in the destaining solution was measured with a microtiter plate reader
(SpectraMAX 340 Tunable Microplate Reader; Molecular Devices Ltd.) at 595
nm. The absorbance values for the controls were subtracted from the values for
the test wells to minimize background interference.

Statistical analysis. The data on the biofilm formation abilities of the different
isolates were normalized with the data for isolate 191354g, which was found to be
a good biofilm former in a previous pilot study. To derive associations between
host factors and Candida biofilm formation, a general linear model of SPSS
software (version 10.0) was adopted. A backward elimination was performed so
that only relevant factors were left for the final analyses. Assessment of the
linearity of the results of the XTT reduction and crystal violet assays (for HIV-
infected and -free groups) was also performed with SPSS software. P values of
�0.05 were considered statistically significant.

RESULTS

XTT reduction by planktonic yeast cultures of various iso-
lates. A preliminary study was conducted with 18 randomly
selected C. albicans isolates (from the pool of 46 isolates) in
order to test the homogeneity of the XTT activity of each of
the isolates, which is a prerequisite for valid interstrain com-
parison of biofilm-forming ability. The 18 isolates comprised 9
isolates each from HIV-infected and -free individuals. The
XTT activities were normalized to the XTT activity of isolate
191354g (16). As seen in Fig. 1, all C. albicans isolates dis-
played consistent and similar values, and one-way analysis of
variance showed no significant difference between the XTT
activities of the 18 isolates (P � 0.202). An independent-sam-
ples t tests further confirmed the absence of a significant dif-
ference in biofilm formation between the isolates derived from
HIV-infected and -free individuals (P � 0.328).

In another series of experiments, an attempt was made to
correlate the XTT activity with the number of planktonic
yeasts. Statistical analyses showed that XTT activity was lin-
early associated with the log of the cell concentration over the
cell concentration range tested (from 2 � 105 to 108 cells/ml)
(P � 0.001; correlation coefficient � 0.977) (Fig. 2). Thus, it
follows that XTT activity can be used as an indicator of cell
numbers in a cell suspension.

Comparison of XTT reduction and crystal violet assays.
When the XTT reduction and the crystal violet assays were
performed with the 46 isolates on three different occasions in
triplicate, the coefficient of variation (CV) of the crystal violet
assay was significantly greater than that of the XTT reduction
assay (CV of the XTT reduction assay � 0.321; CV of the
crystal violet assay � 0.442 [P � 0.025 by the paired-samples t
test]). An effort was also made to correlate the results of the
XTT reduction and crystal violet assays. The correlation anal-
yses showed a significant positive relationship between the two
methods, despite the isolate source (for isolates from HIV-free
subjects, correlation coefficient � 0.833 and P � 0.001; for
isolates from HIV-positive patients, correlation coefficient �
0.757 and P � 0.001) (Fig. 3) although as noted above, the
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XTT reduction assay was more reliable than the crystal violet
assay.

Comparison of biofilm formation abilities of C. albicans
isolates from HIV-infected and HIV-free patients. Using the
XTT reduction and crystal violet assays, we compared 26 iso-
lates from HIV-infected patients and 20 isolates from HIV-
free patients for their abilities to produce biofilms in vitro. By
statistical analysis (independent-sample t test), neither the
XTT reduction assay (P � 0.340) nor the crystal violet assay (P
� 0.585) revealed significant differences in biofilm formation
abilities between the two groups of isolates. As measured by
the XTT reduction assay, the levels of biofilm formation by the
46 C. albicans isolates from HIV-infected and HIV-free indi-
viduals ranged from 0.09941 to 1.0588 (mean � standard error
of the mean [SEM], 0.4841 � 0.0588) and 0.1527 to 1.0000
(mean � SEM, 0.4546 � 0.0609), respectively. The corre-
sponding levels determined by the crystal violet assay ranged
from 0.0978 to 1.0208 (mean � SEM, 0.1956 � 0.0720) and

FIG. 1. XTT activities of 18 clinical C. albicans isolates. Isolates 1 to 9 were from HIV-free individuals, and isolates 10 to 18 were from
HIV-infected individuals. XTT activities were measured colorimetrically at 490 nm with a microtiter plate reader. The results were normalized to
the activity of isolate 191354g. Results represent means � standard deviations (error bars) from three independent experiments.

FIG. 2. Relationship between XTT reduction assay and log cell
concentration evaluated from CFU counts (for isolate 191354g) (cor-
relation coefficient � 0.977; P � 0.001).

FIG. 3. Scatter plot showing the relationship between the results of
the crystal violet and XTT reduction assays. The data were derived
from biofilms generated by 20 C. albicans isolates from HIV-free
subjects (a) and 26 C. albicans isolates from HIV-infected patients (b).
Curves represent the 95% confidence intervals of the regression lines.
Each value is the mean of three independent experiments. All results
were normalized to the value for isolate 191354g.
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0.01237 to 1.5350 (mean � SEM 0.1757 � 0.0869) for the
HIV-infected and HIV-free groups, respectively (Fig. 4).

Association of host factors with Candida biofilm formation.
By using a general linear model of SPSS software (version
10.0), the possible associations of several host factors with
biofilm formation by C. albicans isolates from HIV-infected
patients were investigated. Initially, the factors tested included
the presence of oral candidiasis; age; CD4-cell count; Centers
for Disease Control and Prevention (CDC) staging; and intake
of zidovudine and antifungal, antibacterial, and antiparasitic
medications. A backward elimination process was then con-
ducted to exclude irrelevant host factors. After this procedure
was performed, three host factors including age, CD4-cell
count, and intake of zidovudine were left for the final associ-
ation analyses. The results of the analyses are summarized in
Table 1.

The isolates from the patients older than age 35 years had a
significantly lower degree of biofilm formation than those from
the patients younger than age 35 years, according to the results
of the crystal violet assay (P � 0.015), although the difference
in the degree of biofilm formation was not deemed significant
according to the results of the XTT reduction assay (P �
0.201). A lower degree of biofilm formation was also associated
with isolates from patients who had CD4 counts greater than
350 cells/�l at the time of yeast collection (for the XTT reduc-
tion assay, P � 0.02; for the crystal violet assay, P � 0.007). The
Candida isolates from the patients who were receiving zidovu-
dine at the time of sampling were found to have a significantly
higher degree of biofilm formation than isolates from those
who were not receiving this drug (for the XTT reduction assay,
P � 0.001; for the crystal violet assay, P � 0.000).

Factors including the presence of candidasis, CDC staging,
and intake of antifungal, antibacterial, and antiparasitic drugs

were not found to be significantly associated with Candida
biofilm formation (P � 0.05 for all comparisons).

DISCUSSION

A variety of model systems have been used to evaluate
Candida biofilm formation. The most commonly used methods
include the microtiter plate systems with colorimetric assess-
ment (6, 16), chemostat-based systems (10, 31), and perfused
biofilm fermentors (11). Of these, the microtiter plate-based
systems are simple and inexpensive yet permit evaluation of

FIG. 4. Biofilm formation by C. albicans isolates from HIV-infected and HIV-free individuals evaluated by two independent colorimetric
methods. Bars represent the SEMs. For HIV-infected versus HIV-free individuals, P was equal to 0.729 as determined by the XTT reduction assay
and P was equal to 0.889 as determined by the crystal violet assay.

TABLE 1. Associations of three host factors with biofilm formation
by 26 C. albicans isolates from HIV-infected patientsa

Host factor No. of
patients

Estimated marginal
mean P value

XTT
reduction

assay

Crystal
violet
assay

XTT
reduction

assay

Crystal
violet
assay

Age (yr)
�35 14 0.626 0.412 0.201 0.015b

�35 12 0.519 0.190

CD4� count
(no. of cells/�l)

�350 16 0.676 0.427 0.02b 0.007b

�350 10 0.468 0.175

Zidovudine intake
No 18 0.399 0.046 0.001b 0.000b

Yes 8 0.745 0.556

a A general linear model of SPSS software (version 10.0) was used.
b A significant difference at a P value of �0.05.
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the effects of multiple factors on biofilm formation and there-
fore are practical for the screening of a large numbers of
isolates. Hence, in the present study we used a modified mi-
crotiter plate-based model system to assess the biofilm forma-
tion abilities of 46 C. albicans isolates. Although the XTT
reduction and crystal violet assays have been extensively used
in the past to evaluate microbial biofilms in microtiter plate
systems, ours appears to be the first report that comprehen-
sively compares these two quantitative techniques.

XTT is a water-soluble yellow salt and can be reduced by
mitochondrial dehydrogenases of metabolically active yeast
cells. The color change during the reaction reflects the number
of viable cells in the sample and can be quantified by a micro-
titer plate reader or a spectrophotometer (8, 17, 33). A linear
relationship between incubation time and color development
has been noted when the incubation duration is no longer than
5 h (2, 3). Samples are usually incubated with XTT for only
about 2 h to permit a color change and to save experimental
time.

On the other hand, there are some pitfalls with the XTT
reduction assay. It is well known that cells in biofilms display
properties dramatically different from those of their free-living
counterparts (4). These surface-associated changes may in-
clude alterations in XTT metabolism by biofilm cells. Addi-
tionally, the rate of metabolism of XTT may vary from species
to species, as it has been shown that the rate of metabolism of
XTT by Candida parapsilosis is slower than that by C. albicans
(16). Interestingly, even within the same species, noninvasive
Candida strains have been found to show higher levels of XTT
metabolic activity than invasive strains (16). XTT metabolism
can also be influenced by external factors, as there is evidence
that pretreatment of yeasts with antifungals can increase the
level of XTT metabolism and, consequently, can lead to over-
estimation of the degree of biofilm formation (17). Thus, cau-
tion must be exercised when the XTT reduction assay is used
to quantify yeast biofilm production.

It is also unclear whether different strains of a given Candida
species have equal XTT activities. To ascertain this, we pre-
pared standardized cell suspensions (107 cells/ml) of 18 differ-
ent C. albicans isolates and found no significant difference in
the XTT activities of the strains tested (P � 0.202). Our data
also showed no difference in XTT activities between isolates
from HIV-infected and HIV-free individuals (P � 0.328). Fur-
ther studies revealed a linear relationship between XTT activ-
ity and the log of the yeast cell concentration within the range
of cell concentrations tested (correlation coefficient � 0.977; P
� 0.001). This positive correlation persisted with isolates from
both HIV-infected (coefficient of correlation � 0.757; P �
0.001) and HIV-free individuals (correlation coefficient �
0.833; P � 0). Finally, our data indicated a significant correla-
tion between the XTT reduction assay and the crystal violet
assay for the quantification of biofilm formation, although the
former demonstrated a higher degree of reliability.

It is well known that, in comparison with healthy controls,
HIV-infected individuals have an increased incidence of symp-
tom-free oral C. albicans carriage and a heightened frequency
of oral candidiasis (27). One possible reason for this may be
the heightened biofilm-forming abilities of the Candida iso-
lates colonizing the oral cavities of HIV-infected individuals.
However, our data on candidal biofilm formation, obtained by

comparison of a large group of isolates from healthy and HIV-
infected individuals and by two independent assay techniques,
could not demonstrate significant differences in biofilm-form-
ing abilities between the isolates recovered from HIV-infected
individuals and those recovered from HIV-free individuals.
Because in our study in vitro biofilm formation was done on an
inert surface, which excludes environmental effects, only the
characteristics of the isolates examined account for our results.
It could therefore be argued that HIV infection per se does not
necessarily alter the biofilm-forming characteristics of com-
mensal oral C. albicans isolates. This is in agreement with the
findings of other workers, who reported comparable levels of
adherence to BECs by isolates from HIV-infected and healthy
individuals (34).

Two other hypotheses may explain the increased rates of C.
albicans carriage and the heightened frequency of oral candi-
diasis in HIV-infected individuals compared with those in
healthy controls. One possible reason for this phenomenon is
undoubtedly the compromised immune systems of HIV-in-
fected individuals, as well as possible alterations in the quality
of host mucosal cells and the oral environment. A second
possible reason is that the Candida population itself may mod-
ify its virulence attributes other than biofilm-forming ability as
a consequence of HIV infection. The first hypothesis is sup-
ported to some extent by the presence of HIV type 1 provirus
DNA in the nuclei of saliva-associated epithelial cells in HIV-
infected patients (24), which in turn may alter their receptivi-
ties, as some have shown that C. albicans cells better adhere to
BECs from HIV-positive patients than to cells from healthy
individuals (34). As for the second hypothesis, there is evi-
dence that, in comparison to commensal isolates from healthy
individuals, Candida strains isolated from HIV-infected pa-
tients show increased levels of expression of secreted aspartyl
proteinases (22, 37) and increased levels of resistance to anti-
fungals (28), adhere to BECs better (32), and exhibit elevated
rates of phenotypic switching (36).

We also examined the associations between a number of
common host variables and candidal biofilm formation. When
the intake of zidovudine, a common antiretroviral drug, was
investigated for its association with biofilm-forming ability, a
higher degree of biofilm formation was seen among isolates
from the group that was receiving zidovudine (for the XTT
reduction assay, P � 0.001; for the crystal violet assay, P �
0.000). Interestingly, previous workers (20) have reported a
higher frequency of candidiasis in association with the use of
zidovudine. Similar results have also been obtained in an in
vitro study by other workers (34), who observed a positive
association between the use of zidovudine and the degree of
candidal adherence to BECs (P � 0.0001). This increased
adhesion was attributed to zidovudine-related xerostomia, ane-
mia, and neutropenia (7, 18). Thus, it is tempting to speculate
that the intake of zidovudine may be associated with a height-
ened ability of yeasts to produce biofilms, as shown in the
present study, and an increase in the receptivities of host cells
for yeasts, as shown previously (34). Such enhanced biofilm-
forming ability may also be linked to strain replacement (35)
and/or genotypic changes (31) in Candida species as a conse-
quence of zidovudine intake.

The data from the present study also revealed a higher
degree of biofilm formation by isolates from patients who had
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CD4 counts lower than 350 cells/�l (for the XTT reduction
assay, P � 0.02; for the crystal violet assay, P � 0.007). This
implies that immune suppression leads to the selection of a
resident oral yeast flora that possesses a greater proclivity to
biofilm formation. This in vitro observation certainly concurs
well with the increased prevalence of pseudomembranous can-
didiasis in association with immune incompetence in the late
stages of HIV infection and AIDS. Indeed, these pseudomem-
branes could be considered archetypal, well-developed, com-
plex yeast biofilms, although this concept has not been well
recognized.

No significant differences in biofilm formation were found
when isolates from the oral candidiasis-free group were com-
pared with those from the oral candidiasis group (P � 0.05),
although previous workers have observed the replacement of
candidal strains and species and “genotypic shuffling” during
the development of oral candidasis in HIV-infected patients
(28a, 35).

Our data also showed that the isolates from patients who
were on antifungals produced biofilms not significantly differ-
ent from those produced by the control isolates (P � 0.05).
The available data on this issue are inconsistent. Some have
reported that the treatment of the yeast cells with antifungals
reduced candidal adhesion in vitro (19), while in another study,
neither candidal adhesion nor the receptivity of yeasts to BECs
was affected by the use of antifungals (34). Hence, further
research is needed to confirm or refute our findings.

Of the other variables examined, the CDC stage of the
patients and the use of antibacterial and antiparasitic drugs
were not associated with biofilm formation (P � 0.05 for all
comparison). This concurs with the findings of other workers
(34), who also found no relationship between these variables
and the adherence of C. albicans to BECs in vitro.

In conclusion, the cause of the increased prevalence of can-
didal carriage and candidiasis in HIV-infected individuals is
multifactorial and is unlikely to be related to the biofilm-
forming abilities of the yeast isolates that either reside in the
oral cavity or cause disease. However, our data point to some
host attributes that may be associated with candidal biofilm
formation. In vivo studies, possibly with animal models, are
warranted to substantiate these findings.
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